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Zpflsob Stabili2ace farmacenticVi^. <Mr m6 tuh6 l&tkv atorvastatinu 
. Oblast techniky 

Vynalez se zabM stabilizacf mimoMdng nest&16 latky atorvastatinu a to v krystalick6m, ale 
2ejm6na v amorfiifm stavu. Stabilizaci je moino pouJft pro cistou 14tku, ale i pro Utku 
V pevn^ch nebo k^alnych lekov^ch formdch. 

Dosavadni stay technikv 

Hemiv^penatd s&l i3R,5R) 7-[3-fenyl-4-fenylkarbamoyl-2-(4-fluorfenyl)-5-isopropylpyrrol-l- 
yl]-3,5-dihydroxyheptanov6 kyseliny vzoice I 




(I) 



zn4m4 pod nechrfinen^ nfizvem atorvastatin (T), vtextu popfipadfi vfipenat4 sill 
atorvastatinu, se vyrdW podle zvefejngn^^ch patentfl (US patenty 4,681,893 a 5,273,995). 
Uvedene 165ivo je v^znamn^ pifedstavitelem hypolipidemick^h a hypocholesterick^ch 
leciv. 

Atorvastatin mfl2e existovat v ruzn:^ch krystalov^ch formSch nebo ve formS amorfiii. PHprava 
rflzn:^h polymora je popsdna ve zvef€gn6n:^ch patentech (US 5,969,156; US 6,121,461; WO 
03/004470 a WO 01/36384), fonna amorfei v patentu (US 6,087,511). Krystalov6 formy jsou 
podle v;^ge uveden^ patentfi nmohem stabilngjSI ne2 forma amorfiii. 

Na nedostateCnou stabilitu substance atorvastatin poukazovali takt6f autofi patentu EP 
680320. Ve specifikaci uveden^ho patentu se uvidi, ie se jedni o nestabilnl IStku citUvou na 
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teplo, vlhkost, nlzk6 pH prostfedf a svStlo, zvl45t6 UV zSfenf. feegenim je kompozice, jejimz 
hlavnim znakem jsou bazick6 anorganick6 latky. Preferovan6 aniontyjsou hydroxidy, oxidy 
nebo uhliCitany. Z kationtii jsou uvddSny pfedevsun vapenat6, hofe5nat6 a lithn6 soli, jako 
nejv:^hodn6jsf feSenf je uveden uhliSitan vdpenat^. K doponiCovane kompozici jsou iovn52 
pfid&vfiny antioxidanty typu anisolu nebo askorbitu, 

Ve WO 00/34525 se feSi stabilizace 16kov6 fonny pfidamm pufru, zejmena citrdtu. 

WO 01/76566 se zabfwk stabilizaci 16kov6 foimy pfidMm bazickeho polymeru obsahujicflio 
amino nebo amido skupiny, pnkladem je polyvinylpyrrolidon. 

WO 01/93859 feSi stabilizaci HMG-CoA inhibitor^ a mezi nimi i atorvastatinu pomoci latky 
schopn6 vfizat a neutralizovat bxid uhliCit^, Oxid uhlicity je podle autoru pfihlasky 
nejdflleiitSjsim faktorem vedoudm k nestabilite produktu. Jeho licinek je pfipisovSn sniieni 
pH s n4slednym rozMadem hydroxykyselin zejmena na jejich laktony. Poukazuje se na mo2n6 
gastricke problemy, je-li pacientum poddvSn lek s vysok^ obsahem alkalick>^ch Idtek. Tento 
fakt omezuje mofaiosti zlepSenf stability pndanmi stabilizatoru do 16kov6 fonny. 

WO 02/072073 ukazuje na vztah mezi hodnotou pKa atorvastatinu a pH vodn6ho roztoku 
tube lekove formy. Podle citovane pfihlasky by lekova forma mela obsahovat takove 
ingredienty, aby pH roztoku dosahlo minimdlne hodnoty pKa + 1. 

Ze stavu techniky tedy vyplyva, ze hlavnimi smery, jak resit problem stability atorvastatinu 
V lekov6 fonnS, bylo zvyseni pH lekov6 formy, nebo zamezeni sni^ovanl pH vlivem CO2 
vatmosf6fe. 

Pfes tato opatfem lekov6 formy atorvastatinu, a zejm6na pokud je v techto formach amorfiu 
atorvastatin, vykazovaly v^znamnou nestabilitu. Pfestoze se podafilo zabranit vzniku 
neiMoucich produktu jako je lakton atorvastatinu, dochazelo tu ke vzniku dalsich nezndmych 
latek. Jeste horsi stabilitu vykazovala samotna ucinn& latka, tedy nikoli v 16kove forme. 
Z tgchto duvodu bylo nutno skladovat nebo pfevdzet amorfiu atorvastatin pfi teplotich okolo 
-20 ®C. Tato opatf eni saraozf ejme zv^^sila nSklady na uvedene operace. 



Podstata wn&lezu 



Nestabilita atorvastatinu se podle v:^§e uveden]^ch patent! pf icM obvylde zv^§en6 citlivosti 
k aciditS prostiredi. Souborem pfesnfi Hzenj^ch experiments jsme vsak prok&zali, 2e nestabilita 
je rovnei dfiaa oxidaci vzdusn;;^ kyslikem. Vyznamnou nestabilitu vfifii oxidacim vykazuje 
zejm6na amorfiil atorvastatin, zatimco krystalov6 formy jsou ponSkud stabilnSjSI. To vsak je 
d&no statistickymi faktory, kdy l&tka pevne zabudovani vkrystalov6 mfiice m& men§i 
pravdSpodobnost reagovat se vzdxiSn;^ kyslikem nez latka ve fonn6 ambrfiii (Stephen R. 
Bym: Solid State Chemistry of Drugs, Academic Press, 1982). Tudi2 oxidativni rozklad 
krystalovych forem atorvastatinu je pomalejsi ne2 formy amorfiil. To je dfilezitfi i z hlediska 
16kov;^ch forem, kdy napfiklad mechanickj^ stres pfi vyrobS tablet mfi2e vest k 54ste£n6mu 
zhrouceni krystalov6 struktury a tim i k nestabilitS 16kov6 formy. 

Vysledky stabilitnich testft jsou shmuty v tabulce 1 . 



Tabulkal 



Doba 


Tep. 


Obal 


Po 


NeCistoty 


mSsice 






kPa 


% 


0 




vstupni 




0.21 


3 


5 


2xPE 


18 


0,39 


3 


5 


PE+Al 


18 


0,34 


3 


5 


PE+Al 


3 


0,34 


3 


25 


2x PE 


18 


0,77 


3 


25 


PE+Al 


18 


0,63 


3 


25 


PE+Al 


3 


0,43 


6 


5 


2xPE 


18 


0,83 


6 


5 


PE+Al 


18 


0,71 


6 


5 


PE+Al 


3 


0,44 



Z tabulky je patrao, 2e pfi 25 °C obsah necistot jiz po 3 mSsiclch v^namnS z4visl na 
parcialnim tlaku kysliku v balem. Pfi 5 °C se tato zavislost vyrazneji projevi a2 po 6 mSsicich. 
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Ztabulky Ize vypozorovat i vliv zpusobu balenf na konecn;^ obsah necistot. Lafka ve 
vzduchotesndm baleni PE+Al vykazuje lepsi stabilitu nez v propustnych PE s&Ccich. 

Zduvodu pfesn6ho urCeni mechanismu rozkladu byly dile provedeny experimenty 
zkoumajici jen oxidafini rozklad atorvastatinu. Vnedivno zvefejnSn6 publikaci 
/Pharmaceutical Development and Technology, 7(1), 1-32 (2002)/ byi popsSn souhm 
experimentu vhodnych k rozpoznSnl oxidace substand a urienf jeho mechanismu. 

Byly provedeny nasledujici experimenty: 

a. oxidace 1% roztoku atorvastatinu v systemu ethylacetat - acetonitil (1:1) pfi teplotS 
40 ''C s vyuzitlra radikaloveho iniciatoru (2,2'-azobiskyanopentanov6 kyseliny) pfi tlaku 1 
MPakysliku; 

b. oxidace 1% roztoku atorvastatinu v systemu ethylacetat - acetonitril (1:1) pfi teplote 
40 °C bez radik&loveho iniciatoru; 

c. kontrolni experiment v systemu ethylacetat - acetonitril (1 : 1) pri teplotS 40 °C 

s pouzitim radikaloveho iniciatoru (2,2'-azobiskyanopentanov6 kyseUny) v inertni atmosfiSfe 
argonu. (parcialni tlak kysUku byl zjiStSn asi 1 kPa), 

Vysledky jsou shmuty v tabulce 2. 

Tabulka2 



Doha 


Mciator 


Po 


Necistoty 


hodiny 




MPa 


% 


0 




Vstupni vzorek 


0,49 


24 


Ano 


1 


6,42 


48 


Ano 


1 


24,37 


72 


Ano 


1 


30,93 


24 


Ano 


0,001 


0,98 


48 


Ano 


0,001 


1,38 


24 


Ne 


1 


9,27 
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2 v^sledkfi vyplyvi, 2e jii vzduSn^ kysUk mMe oxidovat atorvastatin a k oxidaci neni potfeba 
radik41ov6ho iniciitoru. Kontrolni experiment v inertni atmosf6fe argonu ukSzal mal^ nirikst 
laktonu atorvastatinu zpfisoben;/ zv:^enou teplotou a mfmS kysel^ radikalov^ iniciatorem. 

DalSim vi^ledkem e:q)erimentu bylo srovn&u profilu neCistot ze stabilit (tabulka 1) a profilu 
neSistot vznikl6ho oxidaci pomoci HPLC-MS. Ukfealo se, ie vSechny v^ainn6 neCistoty 
rostouci ve stabilit4ch s v^imkou laktonu atorvastatinu jsou vznikle oxidaci. Na z^dadg teto 
znalosti oxida6niho rozkladu bylo hledfino feSeaii, ktefe by zamezilo kontaktu substance jako 
takov6 nebo substance v 16kov6 formg se vzduSn:^ kyslikean. Podle naSich, ale i v literatuf e 
publikovan:ych /K.C. Waterman, M.C. Roy: Pharmaceutical Development and Technology, 7 
(2), 227-234 (2002)/ zkuSenosti je pfi baleni 16kov6 fonny vehni obti2n6 dosfihnout 
parciahiiho tlaku kysliku niJSiho ne2 2 a2 3 kPa bez pouiiti vakuov^ho kroku. To je vSak 
dostateCne mno2stvi, aby stSle dochSzelo k oxidaci pioduktu. ZvlaSt6 v^hodn^ zpfisobem \ 
jak dociUt niSiho parciStoiho tlaku kysliku (ai pod hodnoty 0,1 kPa) je bud" poufiti vakua 
nebo pouziti kyslikovych absorb6rii. Dalsi experimenty byly tudii provedeny s vyu2itim 
vakua nebo kyslikovych absorb6rfl. Experimenty byly provedeny s kyslikov^i absorb^ry 
Ageless™ fiimy Mitsubishi Gas Chemical a ATCO dostupnymi od firmy Standa Industry. 
Cela fada komerCng dostupnych absorb^rft miize ale rovnS2 s y^hodou pouiita; napfiklad 
FreshPax™ (Multisorb Technologies), O-Buster™ (Hsiao Sung Non-Oxygen Chemical Co), 
Biotika Oxygen Absorber (Biotika) a podobne. 

Kdalsim aspekt^ vynilezu patH baleni pod dusikem nebo argonem nov6 vyvinutou 
metodou. Jak je citovSno v^^e, fermaceuticke baleni pod dusikem provedeni b62n^ 
zpflsobem do blistru nedosame parci&hii tlak hodnoty nizSi 2 a2 3 kPa. Tyto hodnoty nejsou 
v pfipadg zvlSStS citliv6 l&tky jako atorvastatinu dostateCn6. 

NaSi ni2e popsanou metodou baleni Ize dosahnout vbein6m farmaceutick^ blistru hodnot 
parcidlniho tlaku kysliku ni2§ich ne2 1 kPa, pfi vyhodn6m provedeni m6nS ne2 0,4 kPa . 

PifedmStem vyn&lezu je zpflsob stabilizace farmaceuticke iScinn6 tuh6 Idtky atorvastatinu 
ulo2en6 v plynne smesi, jehoz podstata spoeiva v torn, ze je v okolni plynn6 smSsi udr2ov5n 
parcidlni tlak kysliku maximMnS 2 kPa. S vi^hodou je tento tlak udr2ovto na hodnotg pod 1 
nebo zv\SS& v^odnS pod 0,4 ld*a. 
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Tato metoda stabilizace se t^k& jak samotn6 aktivni substance, tak s v^hodou 16kove formy 
s atorvastatinem, speciilne s atorvastatinem vamorfiiim stavu. Popsane lekove formy 
atrovastatinu obsahujf pribli&iS 1 az 60 % hmotn., xn^hodnS 3 ai 20 % hmotn. timxi€ l&tky a 
nSkolik pomocn^ch l&tek, kter6 maji ruzne funkce, pfedevsim umoznit po2adovanou rychlost 
uvolnov&ii u5inne latky v t61e pacienta, d&le stabilizovat 16kovou formu proti chemickemu 
rozkladu nebo mechanickym vlivflm. Ke stabilizaci atorvastatinu v lekov6 fonnS je obvykle 
doporuCovSn pfidavek bazicke 14tky; jako nejv^^odnejsi je uvaden uhli6itan vapenaty. 

Tohoto velmi nfzk6ho parci&lnflio tlaku kyslfku je mo2no v prumyslove aplikaci dosShnout 
bud' plnenim pod inertnim plynem adaptovanym podle vynalezu, nebo novou technikou 
baleni za snizeneho flaku anebo vyuzitim absorberCi kysliku. 

Vyroba blistrCi probihi svafenim dvou folii. Spodnf folie je nejprve vytvarovana tak, aby se 
vkaid6m jednotce balem vytvofil potfebn]^ pofiet kavit, ktere svym tvarem a velikosti 
odpovidaji jednotkov6 divce 16ku (nejcastSji tablety nebo kapsle). V dalgim kroku se do 
kazde z t6chto kavit vloXi divkovd jednotka 16ku. Takto naplnSni spodnl folie se pfetahne 
vrchni folii a obS folie jsou k sob6 tesne pfitlaceny pomoci pfItla6n6ho vfilce. V nasledn^m 
kroku jsou obS folie svafeny a svafend folie je rozstfihana na jednotliv6 blistry. B62ny zpusob 
plnSni pevne lekove formy do nejcastSji pou2Ivaneho farmaceutick6ho baleni blistru probihi 
tak, io vytvarovany p&s folie s tabletami proch&zi prostorem naplnenym inertnim plynem, kde 
se k nSmu pfitlaCi homf folie a nfisledne dochizi k zataveni. V atmosfiSfe uvnitf takov6ho 
baleni je parcidlni tlak kysliku 2 a2 3 kPa. Tento stav je u nrnoha farmaceutick;]^ch Idtek 
dostatecn^ k jejich stabilizaci. Nezabr&ni vSak zcela oxidaci a u zvlaste citlivych latek, jakou 
je atorvastatin, a to zejm6na v amorfiii formS, nezajisti pak jejich liplnou stabilitu, co2 vede 
knutnosti zkx&tit. dobu pouzitelnosti pfipravku. Problem aplikace bg2nS pouzivaneho baleni 
pod dusikem u blistru spocivi v nedostateCn6m vymyti kysliku z kavit s tabletami, kterj^ si 
pfinaseji s sebou, do prostoru naplneneho inertnim plynem, a nedostatefiniou pfilehavosti 
vrchni folie ke spodni folii tesn6 pfed svafovanim a tim, ze neni vhodn]^ zpfisobem 
zamezeno moin6mu prOniku vzduchu do kavit tSsnS pfed svafenim. 

Novy postup baleni byl vyvijen optimalizaci parametru toku inertniho plynu a jeho rozmisteni 
V souladu s procesem baleni. Hlavnim znakem tohoto aspektu vyndlezu je pfivadeni inertniho 
plynu do kavit dolni vytvarovan6 folie s takovou intenzitou, aby se obsah plynu v kavite 
minimalne jednou, s vyhodou tfikrat vymSnil. Jiz toto opatfeni mflze snizit vy^sledny parcidlni 
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tlak kyslQcu vfzmmn& pod 2 kPa, vnSkterych pfipadech pod 1 kPa. Podle vyhodnfiho 
provedeni vynilezu po vytvarovSnl kavit v pdsu spodni folic a jejich naplnfini d&vkovymi 
jednotkami, vstupuje tento pas do vymyvaci komory tyofene soustavou trysek na cllen^ 
pHvod inertniho plynu ke kavitS s divkovou jednotkou a odvidSdmi kan&lky pro. odvod 
vymyt6ho vzduchu. Vzduch je z kavit dokonale vym^an proudem inertnftio plynu, 
proudlcflio tryskami za pfesnS stanoven6ho a monitorovan^ho pJetlaku, resp, prfitoku. Prilitok 
inertniho plynu je nastaven vrozmezi 180 ai 3000 1/h. Vyhodnfi se prfltok pohybuje 
V rozmezi 500 ai 1500 1/h. Vymyvaci komora je spolu se zazehlovaci stanici (sv^eni horni - 
kryci Al folic se spodni - vyformovanou a naplnenou Al folii) zakrytovand do boxu s trvalou 
inertni atmosferou s nizSim pfetlakcm ne2 je ve vym^aci komofe pro dostatc5n]^ odvod' 
vymyvaneho vzduchu. V boxu je monitoring hodnoty zbytkov6ho kysliku se zpStnou vazbou 
na chod stroje. 

Jak je ukazano ni2e, ziski se touto metodou v provozmch podmink&ch fannaccutick6 baleni 
s blistry s obsahcm plynu s parcidhilm tlakem kysliku menSim ndt 0,4 kPa, obvykle mezi 0,2 
az 0,3 kPa. 

Pfi fannaceutick6m baleni za snlzeneho tlaku 0,3 az 10 kPa je vyhodnejsi mlsto blistru pou2it 
strip. Strip je typ baleni kdy jsou opet svafovany dv6 folic, avsak iddni z folii neni tvarovfina, 
jako u klasick6ho blistru, liybrz 16kov4 forma (tableta, 2elatinovi tobolka, granulat apod.) se 
vklada do 6asteCn6 svafen6ho stripu, za sou6asn6ho vakuovSnl nejen naplnSne casti stripu, ale 
i c&sti, kterd teprve bude napInSna v nSsledujicim kroku, a vakuovfini probfhd tak6 po celou 
dobu svaf eci operace, kdy dojde ke kompletnimu, neprodysn6mu uzavfeni jednotliv6 lekove 
formy do hlinikove folie (stripu). 

Pfi feSeni pomoci absorbfirCi kysliku je velmi vyhodn6, jsou-li latky schopne absorbovat kyslik 
pota2eny na horni folii (tedy folii, kterd se netvaruje) a od farmaceutick6 kompozice oddSl^ay 
propustnou membranou. V takov6m pfipadg je kaidi ddvkovaci jednotka chrfinSna zvldSf a 
po spotf ebS pouze casti baleni zustavd zbytek chrdnSn. 

Jine feseni spo5iva v zabaleni davkovacich jednotek do blistru, pfifiemz je alespoii jedna folie 
volena z takoveho materialu, ktery^ je dobfe propustny pro kyslik, (ale s vyhodou spatnS 
propustn^ pro vodni paru.) Cely blistr je dale uzavfen v pouchi, ve' kterSm je umistSn 
absorbfer. Mfize se napfiklad jednat o polypropylenovy blistr, obaleny v Al-Al pouchi. Reseni 



pomocf absorb^rQ kysUku ma v:yhodu vtechnicky jednoduSSfai provedeid, kdy neni nutno 
potahovat f61ii absorbferem. 



Prekvapive se ukfizalo, 2e mezi vzduSn^ kyslfkem a vhodnou fonnulaci existuje uzk:^ vztah. 
NSlcter6 fomulace, ktere jsou relativnS tispSSnfe pfi skladovSni 16kov6 fonny za bg2n6ho 
pnstupu kysliku, se ukazuji jako nevhodn6 pfi odchytiv&u kysliku. Jin6, naopak m6ne 
vhodne za nonn&lnich podmfnek, posiluji stabilizaSnf vliv odchytivSnf kysliku. Probl6mem 
jsou produkty, ktere s oxidaci bezprostfedng nesouvisi. PHkladem je lakton atorvastatinu 
vzorce II 



ktery muze vznikat dehydrataci atorvastatinu diky zvysene acidite prostf edi. Bazick6 pusobem 
uhlicitanu v&penateho zainezi za nonnaliuch podminek kysele katalyzovane reakci a omezi 
vznik laktonu (EP 680320). Pfi omezeni mnozstvi kysliku se tento licinek uhliCitanu 
vdpenat6ho snizi a koncentrace laktonu s casern narusta. Pouziti bdze typu oxidu nebo 
hydroxidu hofe5nat6ho je bezne povaXovano za m6ne vyhodne. Za bezn;^ch podminek, tedy 
za pnstupu kysliku, vede formulace s hofecnatou bSzi vedle narustu obsahu beznych necistot 
take ke vzniku fady necistot, ktere s uhliCitanem vapenatym identifikovtoy nejsou. Naopak 
pfi omezenem parciabiim tlaku kysliku baze tohoto typu posili stabilizacni efekt, popsany 
vyse u 100% substance. Jedna se opet o komplexni stabilizaci, nikoli tedy pouze o potlaCeni 
zjevnych oxidacnich produktu. Za zvlaste vyhodne uspofdd^ podle technick6ho fe§eni je 
proto povazovana stabilizace atorvastatinu kombinaci licinku atmosfery s parcialnim tlakem 
kysliku mensim ne2 2 kPa, zvldste mensim nez 0,4 kPa, a oxidu hof e6nat6ho nebo baleni pod 
inertni atmosferou, resp. vakuem, a oxidu hof ecnateho. 

Dalsim aspektem vyndlezu je vhodna analyza obsahu kysliku ve farmaceutickem baleni, bez 
ktere by nebylo mozno vynalez reaUzovat Problem analyzy slozeni plynu ve farmaceutickem 
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baleni (pfedevSIm blistrech) je komplikovin nutnosti pfi odbSru vzorku pfedejit nasatf 
atmosferickeho kysliku z okoli nebo pfi snaze o zabrtoSm teto chyby snizit pfi odb&ru vzorku 
skuteCn^ obsah kysliku v blistru. 

Byly vyvinuty tf i metody m6f enf: 

1. M6feni A: MSfeni zbytkoveho kysliku plynovou chromatografii s odberem plynu a 
manudlnim n&stfikem. 

Zbytkovy kyslik v inertni atmosfefe je mef en plynovou chromatografii s detektorem tepelnS 
vodivostnim (TCD). Plyn je rozdfilen na kolonS obsahujici jako fSzi molekulov6 sito, kteri 
umo2iiuje dSleni pennanentnich plynA. OdbSr vzorku je manuilni s lipravou blistru pomoci 
nan&sen;^ch sept nebo pomoci d&vkov^ z protrien6ho blistru smyikoyfm zafizenim. 

2. MSfeni B: MSfeni zbytkoveho kysliku pomoci mikrosenzoru 

Zbytkov^ kyslik v inertni atmosffife je mefen pfimo v blistru pomoci mikrosenzoru, ktery je 
umisten v jehle. Tato jehla je pfes uzavfen;^ prostor zbayen;^ kysliku (komfirka prom^ani 
dusikem - mefeno timto senzorem jako pozadi) vbodnuta pfimo do jednotliv^ch komiSrek 
V blistru. Principem .mikrosenzoru je zh55eni vybuzen6 fluorescmce zbytkov^ kyslikem 
(senzor je selektivni na kyslik) 

3. Mefeni C: MSfeni zbytkovSho kysliku pomoci soustavy senzorii in-line (in-process 
•control) 

Kyslik V inertni atmosfSfe stroje je mSfen pfimo pomoci senzoru, ktere jsou rozmistSny ve 
vSech inertizovanych Sdstech baliciho stroje, vSetnS pfivodu dusiku do blistrov]^ch komiirek. 
Tyto senzory sleduji i prostor vnSjsi. Principem senzoru je zh52enf vybuzen6 fluorescence 
zbytkovym kyslikem (senzor je selektivni na kyslik) 

Je rfejmS, 4e zhlediska autentiSnosti v^sledku anally je v^^hodnSjSi metoda B a C, kdy 
nedoch^izi k iddnSmu naruSeni blistru a moznosti jakScoli kontaminace pfi analytice jsou 
zanedbatelnS. Metoda C navic velmi rychle odhali pfipadnS chyby v provoznim baleni. 
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Vynalez je bUze objasnSn v nisledujfdch pnkladech provedenl. Tyto pHklady maji vyhradng 
ilustrativnl charakter a rozsah technick6ho f esem v 44dn6m oMedu neomezujf. 

PHkladv provedenf 

PHklad 1. Absorb6ry kysUku 

Tablety s obsahem 20 mg amorfiil formy vapenat6 soU atorvastatinu o slozem uveden&n v 
tabulce 3 



Tabulka 3 



Slo2enI tablety 


mnozstvf (mg) 


v4penat4 sfil atorvastatinu 


20,0 


iaktosa monohydrit 


49,6 


mikrokrystalicka celulosa 


- 148,0 


oxid hof e5nat^ 


14,0 


hydroxypropylcelul6za 


28,0 


polysorbat 


9,0 


sodni sfll kroskarmelozy 


9,0 


stearan hof eCnaty 


1,4 


oxid kf emicity 


1,0 



byly potazeny beznym lakem obsahujicun hydroxypropylmethylcelulozu, naplneny do 
sklengnfi lahviCky o objemu 20 ml spolecne s absorpCmm sackem finny Mitsubishi Ageless® 
ZlOO a skladovSny 1,5 mSsice pfi teplotS 40 °C a 75% RV. Srovnavaci vzorek byl pfipraven 
stejnym zpiasobem bez pfidani absorb6ni kysliku. Orientacm analyzou byl zjiStSn parcialm 
tlak kysliku v lahvi5ce na konci experimentu. Ukazalo se, 2e tlak v atmosfef e lahviCky poklesl 
na 0,3 kPa. Vysledky HPLC analyz jsou uvedeny v nasledujicf tabulce (tab. 4). 



Tabulka4 



Podminky 


Suma ne£istot 
[%] 


Lakton atorvastatinu 
[%] 


bez z^6^ 


0,79 


0 


srovnavaci vzorek 


2,12 


0 


Ageless® ZlOO 


0,84 


0 



Pfiklad 2. Test skladovam za smzen^ho tlaku 

Cisti amorfiii substance atorvastatinu byla uzavfena v temperovan6m boxu za tlaku 5,5 a2 7,5 
kPa vzduchu. Parcialm tlak kysliku byl odhadnut na 1,2 az 1,5 kPa. 

Mefeni poskytlo ndsledujici vysledky: 



Tabulka 5 



datum 


vzorek 


doba sklad 


teplota sklad 


Suma necistot 


odb§ru vzorku 


oznaaenf 


dnv /hod 


"C 


% 












16.10.2003 


0010903/12 


23 dnu 


20-25 


0.29 


04.11.2003 


0010903/15 


42dnCi 


40-42 


0.35 


21.11.2003 


0010903/17 


55 hod 


60-65 


0.33 


10.12.2003 


0010903/18 


leohod. 


80-82 


0,37 



Pro srovnani byl vzorek 0010903/18 udr^ovan po dobu 160 hodin v tennostatu pfi 80 "C za 
norm^nftio atmosferickeho tlaku tedy parcidlnl ho tlaku kysliku as 18 kPa Suma neCistot pak 
dosahla 1,92 %. 

Pfiklad 3. Baleni l6kov6 fonny pod dusikem 
Pretlak 0, 1 MPa na v:^tupu ze zdroje. 

Tablety s obsahem 40 mg amorfiii formy vapenat6 soli atorvastatinu o slo2eni • 
proporciondlnim ke slozenf uveden6mu vpfikladu 1 byly zabaleny na provozni balici lince 
ad^tovane pro v^bu baleni pod dusikem. K baleni byl pouzit komerSne vyrdbSn^ 
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bUstrovad stroj WinPack TR 130 od italsk6 finny IMA. Vytvarovan& spodnl folie obsahujicf 
hotov6 tablety byla dopravena do vym^acf komory, kam rovnSi vstupoval dusik s pfetlakem 
na vystupu ze zdroje 0,1 MPa. Prfttok plynu komorou, tj. pHvod dusiku a jeho odvod 
s pfimSsi vzduchu, byl udrzovSn na hodnotg 1500 1/h. Pfetlak dusiku v ochrann&n boxu byl 
pfibli2n6 10 kPa. Tablety byly zabaleny do hlinlkov^ch Al/Al blistrii. Hotov6 balenf bylo 
podrobeno standaidnfmu stabilitnimu testu; vystaveno zati2eni 40 a 75% RV po dobu 3 
mSsIcft. Parcifilnl tlak liysllku v hlinflcov^m obalu byl testovfin po zabaleni a po 3 inesl5nfm 
skladovam. V^ledky HPLC analyz jsou uvedeny v n^ledujfcl tabulce. 

MSenl zbytkov6ho kysllku vblistru bylo provedeiio metodou plynov6 chromatografie 
s odbgrem plynu a manu41nim nfistfikran OdbSrem plynu ze tfi riizn:^ch mist pozic v blistra. 



Tabulka 6 



Ozna5eni vzorku 


Doba zktiie 
(mSsice) 


Z necistot 
(%) 


Po(kPa) 


Pozice 1 


Pozice 2 


Pozice 3 


040903 


0 


0,54 


0,24 


0,23 


0,24 




3 


0,50 


0,25 


0,27 


0,26 


070903 


0 


0,76 


0,20 


0,19 


0,20 




3 


0,50 


0,19 


0,20 


0,18 



Pfiklad 4. Baleiil lekov6 formy za snizeneho tlaku 

Tablety sobsahem 40 mg amorfiai formy vapenate soli atorvastatinu o slozeni 
proporcion^lnim ke slozeni uvedenemu vpfikladu 1 byly na experimentalnim zafizenl 
uzavfeny svaf enim do Al-Al folie (model stripu) za normdlni atmosfery, za snizeneho tlaku, 
pfi tlaku 1 az 1,4 kPa, tedy za parcialniho tlaku kysliku asi 0,18 ai 0,25 kPa, a vystaveny 
zatizeni 40 °C a 75% RV po dobu 3 mesicu. Parcidlni tlak kysliku v hlinikov6m obalu byl 
odvozen z celkoveho tlaku. Vysledky HPLC anal^ jsou uvedeny v ndsledujici tabulce. 
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Tabulka? 



Ozna&eni vzorku 


Doba zdt6ze 


S ne&istot 




(mSsice) 


(%) 


040903 


0 


0,54 




3 


0,55 


070903 


0 


0,76 




3 


0,50 



PATENT0V6 nArOKY 



1. Zpfisob stabilizace farmaceutickfi ucinnfi tuh6 latky atorvastatinu samotne nebo ve 
smSsi s dalgimi tuh]^ Idtkami ulo2en6 v plymi6 sm6si, vyznaSujlcI se tim, ze je 
V okolni plynn6 smSsi udrzovan parcialnl tlak kysliku maximdlnfi 2 kPa. 

2. Zpusob podle n&'oku 1, vyznacujici se tim, 2e je parcialm tlak kysliku udrzovan mensi 
nez 1 kPa. 

3. Zpfisob podle n^oku 1, vyznacujici se tim, 2e je parcialm tlak kysUku udrzovan memi 
nez.0,4kPa. 

4. Zpflsob podle naroku 1 a2 3, vyznacujici se tim, ze je atorvastatin ve smSsi obsahujici 
tuhy oxid hofeCnat;^ v mnoZstvi 0,1 ai 50 % hmotnostnich. 

5. Zpi&sob podle kterehbkoli z pfedchazejicich naroku, vyznaCujici se tim, ze se jedna o 
atorvastatin v pf ev^ne amorfhi forme. 

6. ZpAsob podle n&roku 1 ai 5, vyznaSujici se tim, 2e je takto stabilizovtoo l€5ivo ve 
formg tablet nebo kapsli s obsahem 1 az 60 % hmotnostnich atorvastatinu 

7. Zpflsob podle naroku 6, vyznaCujici se tim, ie je 16civo zabaleno v blistru. 

8- Zpusob podle n&roku 7, vyznacujici se tim, ze se jedna o hlinikov^ blistr typu Al-AJ. 

9. Zpiasob podle nSroku 7, vyznafiujici se tim, ie je 165ivo v polypropylenov6m blistru, 
ktery j e dale obalen v Al-Al pouchi. 

10. Zpfisob podle naroku 6, vyznacujici se tim, ie je 166ivo zabaleno ve stripu. 

11. Zpiisob podle kterehokoli z nfirokfi 1 az 10, vyznaSujici se tim, 2e je pHslu§n6ho 
parci&biiho tlaku dosaieno pomoci pfebytku nereaktivniho plynu. 

12. Zpfisob podle kterehokoli z naroku 6 az 9 a naroku 11, vyznacujici se tim, ze je 
prislusneho parcialniho tlaku dosazeno balenim na blistrovacim stroji zavMenim 
proudu nereaktiviiiho plynu, sv^^hodou dusiku, do kavit ve spodni tvarovan6 folii 
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s takovou intrazitou, aby se obsah plynu v kavitt minimalnS jednou, s vyhodou tfikrit 
vymenil. 

13. Zpusob podle nSroku 12, vyznacujici se tlm, io se prutok inertniho plynu pohybuje 

V rozmezi 180 az 3000 1/h. 

14. Zpflsob podle nSroku 13, vyznacujici se tim, 2e se prfitok inertnflio plynu pohybuje 

V rozmezi 500 ai 1500 1/h. 

15. Zpflsob podle kter6hokoli z nSrokCi 12 ai 14 vyznaSujici se tim, ie pis 
s vytvarovan;^nii kavitami je pfividSn do vym^^acl komory tvofene soustavou trysek 
ur5en]p^ch pro cilen^ pfivod inertnflio. plynu ke kavitfim a odvSdScimi kan&lky pro 
odvod vymyteho vzduchu, pfi6em2 je tato vym^aci komora umistSna v boxu s trvale 
inertni atmosfSrou, kde je nSsledne kpasu s kavitami pfitlaSen homi kryci pis a 
nakonec je blistr svaf en. 

16. Zpusob podle naroku 15, vyznaCujici se tim, ze je prfitok inertniho plynu do vymyvaci 
komory udrzovan na hodnote 1 300 az 1 500 1/h. 

17. Zpiusob podle kterehokoli z narokfi 1 az 10, vyznacujici se tim, ze je pfislusneho 
parciilniho tlaku dosaieno balenim za tlaku 0,3 a£ 10 kPa. 

18. Farmaceuticki kompozice ve farmaceuticky vhodnem obalu zahmujici blistr 
vyrobitelni podle niroku 16 obklopeni plynnou smSsi vytvofenou vprfibShu baleni 
dodavanym inertnim plynem, vyznafiujici se parcidlnim tlakem kysliku mensim nez 1 
kPa. 

.*> 

19. Farmaceuticki kompozice podle niroku 18, vyznacujici se parciilnim tlakem kysliku 
mensim ne2 0,4 kPa. 



Anotace 



NSzev vyn&lezu: Zpflsob stabilizace faimaceuticke licinne tuh6 14tky atorvastatinu 

Stabilizace fannaceuticke iiSiime tuh6 Idtky atorvastatinu samotnfi nebo ve smfisi 
s dalsfmi tuhymi l&tkami ulo2en6 v plynn^ smesi se provadi tak, 2e je v okolni plynne smSsi 
udr2ov&i parci&lni tlak kyslfku maxim41n6 2 kPa, vyhodnS ni6nS ne2 1 kPa, zejm6na m6nS 
nezO,4kPa. 

PnsluSn6ho parci&lnDio tlaku se dosahuje bud' balenfm za tlaku 0,3 ai 10 kPa, nebo 
balenim smimym pfetlakem nereaktivniho plynu, s\n^hodou duslku, pfiCemX je tento plyn 
pomoci trysek zav&den do kavit, popnpade rovnez do prostoru pntlacneho valce a zaiehlovaci 
stanice. 
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Method for the stabilization of the phannace.,tir„llY active soHd suh^ance atorv^ti^ 



Technical Field 

This invention relates to stabiUzation of the extremely unstable substance atorvastatin. in its 
crystalline, but particularly amorphous state. The stabilization can be used for the pure 
substance, but also for the substance in soUd or liquid dosage foims. 

Background Art 

The hemicalcium salt of (3R,5R) 7-[3-phenyl^phenylcarbamoyl-2-(4-fluorophenyl)-5- 
isopropylpyrrol-l-yl]-3,5-dihydroxyheptanoic acid of fonnulal 




Ca 



,2+ 



(I) 



known under the non-proprietary name atorvastatin (I), in the text sometimes called the 
calcium salt of atorvastatin, is produced according to published patents (US patents 4,681,893 
and 5,273,995). The said drug is an important representative of hypolipidemic and 
hypocholesteric drugs. ■ 



Atorvastatin can exist in various crystalline forms or in an amorphous fonn. The prq)aration 
of various polymorphs is described in published patents (US 5,969,156; US 6,121,461; WO 
03/004470 and WO 01/36384), the amorphous form in patent US 6,087,511. The crystalline 
forms are, according to the above-mentioned patents, much more stable than the amorphous 
form. 



Also the authors of patent BP 680320 pointed out that the substance atorvastatin has 
insufficient stability. It is stated in the specification of the said patent that it is an unstable 
substance sensitive to heat, humidity, low pH of the environment, and Hght, particularly UV 
radiation. A conq)osition whose main feature are basic inorganic substances is the solution to 
this problem. Hydroxides, oxides or carbonates are the preferred anions. As to cations, most 
often calcium, magnesium, and Uthium salts are stated. Calcium carbonate is stated as the best 
solution. Antioxidants of anisole or ascorbate type are also added to the recommended 
composition. 

In WO 00/34525, the stabiHzation of a dosage form is solved by adding buffers, especially 
citrates. 

WO 01/76566 solves the stabilization of a dosage form by adding a basic polymer containing 
amino or amido groups, for example polyvinylpyrrolidone. 

WO 01/93859 solves the stabilization of HMG-CoA inhibitors, and among them also of 
atorvastatin, using a substance capable of binding and neutralizing carbon dioxide. Carbon 
dioxide is, according to the authors of the appUcation, the most important factor leading to the 
instability of the product. Its effect is ascribed to the lowering of pH. which results in the 
decomposition of hydroxyacids particularly to their lactones. It is pointed out that gastric 
troubles may be caused if a medicine with a high content of alkaline substances is 
administered to patients. This fact limits the possibility of improving the stability by adding a 
stabilizer to the dosage form. 

WO 02/072073 shows the relation between the pK, value of atorvastatin and the pH value of 
an aqueous solution of a solid dosage fonn. According to the quoted application, the dosage 
form should contain such ingredients which would cause the pH of solution to reach a value 
not lower than pKa + 1 . 

Accordingly, it follows fi-om the prior art that the main methods how to solve the problem of 
the stabiUty of atorvastatin in a dosage fonn resided in increasing the pH of the dosage form, 
or in preventing the lowering of the pH by CO2 contained in the atmosphere. 
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Despite these measures, the dosage fonns of atorvastatin, and particularly if amorphous 
atorvastatm is in these forms, showed significant instability. Although the formation of 
undesirable products such as the lactone of atorvastatin was prevented, the formation of other 
unknown substances occurred. The active substance itself, not in the dosage form, showed 
even worse stability. Therefore, it was necessary to store or to transport amorphous 
atorvastatin at about -20 °C. Naturally, these measures increased the costs of the said 
operations. 

Disclosing of the Invention 

The instabiUty of atorvastatin is, according to the above-mentioned patents, usually ascribed 
to the increased sensitivity to the acidity of the environment. We have shown, with a set of 
exactly controlled experiments, that the instabiUty is also caused by oxidation by atmospheric 
oxygen. Particularly amorphous atorvastatin shows significant instabihty towards oxidation, 
whereas crystalline forms are somewhat more stable. However, this is caused by statistical 
factors because a substance firmly incorporated in a crystal lattice has a lesser probabihty to 
react with atmospheric oxygen than a substance in an amorphous form (Stephen R. Bym: 
Solid State Chemistry of Drugs, Academic Press, 1982). Therefore, the oxidative 
decomposition of crystalline forms of atorvastatin is slower than that of the amorphous form. 
This is also important for dosage forms because, for example, mechanical stress when 
producing tablets may lead to partial collapse of the crystalline structure causing instability of 
the dosage form. 

The results of the stability tests are summarized in Table 1 . 



. Table 1 



Time, months 


Temp., 


Package 


Po, kPa 


Impurities, % 


0 




entry 




0.21 


3 


• 5 


2xPE 


18 


0.39 


3 


5 


PE+Al 


18 


0.34 


3 


5 


PE+Al 


3 


0.34 


3 


25 


2xPE 


18 


0.77 



4 



3 


• 25 


PE+Al 


18 


U.OJ 


3 


25 


PE+Al 


3 


0.43 


6 


5 


2xPE 


18 


0.83 


6 


5 


PE+Al 


18 


0.71 


6 


5 


PE+Al 


3 


0.44 



It is obvious from the table that at 25 »C. the content of impurities already after 3 months 
markedly depends on the partial pressure of oxygen in the package. At 5 °C this dependency 
manifests more markedly only after 6 months. Also the effect of the manner of packaging on 
the final content of impurities can be seen from the table. The substance in an air-tight PB+Al 
package shows a better stability "than in permeable PE bags. 



In order to precisely determine the decomposition mechanism, the following experiments 
examining only the oxidative decomposition of atorvastatin were carried out. A recent 
publication /Pharmaceutical Development and Technology, 7(1), 1-32 (2002)/ described a set 
of experiments which are suitable for the recognition of oxidation of substances and for the 
determination of its mechanism. 

The following experiments were carried out: 



a. oxidation of a 1% solution of atorvastatin in the system of ethyl acetate - acetonitrile 
(1:1) at 40 using a radical initiator (2,2'-azobiscyanopentanoic acid) at a pressure of 1 MPa 
of oxygen; 

b. oxidation of a 1% solution of atorvastatin in the system of ethyl acetate - acetonitrile 
(1 : 1) at 40 "C without a radical initiator; 

c. control experiment in the system of ethyl acetate - acetonitrile (1 : 1) at 40 °C using a 
radical initiator (2,2'-azobiscyanopentanoic acid) in an inert atmosphere of argon (the partial 
pressure of oxygen found as being about 1 kPa).. 



The results are summarized in Table 2. 
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Table 2 



Time, hours 


Initiator 




Impurities, % 


0 




entrv samnle 




24 


yes 


1 


6.42 


48 


yes • 


1 


24.37 


72 


yes 


1 


30.93 


24 


yes 


0.001 


0.98 


48 


yes 


0.001 


1.38 


24 


no 


1 


. 9.27 



It follows from the results that atmospheric oxygen itself can oxidize atorvastatin and no 
radical initiator is necessary for the oxidation. The control experiment in an inert atmosphere 
of argon showed a small increase in the amount of the lactone of atorvastatin caused by 
increased temperature and sUghtly acidic radical initiator. 



The comparison of the profile of impurities fi:om stability tests (Table 1) with the profile of 
impurities created by oxidation using HPLC-MS was another result of the experiment. It has 
shown that all significant impurities the amount of which increased during the stabiUty tests, 
with the exception of the lactone of atorvastatin, are formed by oxidation. On the basis of this 
knowledge of oxidative decomposition, a solution was looked for which would prevent the 
contact of the substance itself or the substance in a dosage form with atmospheric oxygen. 
Accordmg to our, and also in literature pubhshed /K.C. Waterman, M.C. Roy: Pharmaceutical 
Development and Technology, 7 (2), 227-234 (2002)/, experience, it is very difficult, when 
packing the dosage fonn, to reach the partial pressure of oxygen lower than 2 - 3 kPa without 
using a vacuum step. This is, however, a sufficient amount to cause oxidation of the product 
still occur. An especially suitable method how to achieve a lower concentration of oxygen (as 
low as below the value of 0.1 kPa) resides in using either vacuum or oxygen absorbers. 
Therefore, fiulher experiments were carried out with the use of vacuum or of oxygen 
absorbers. The experiments were carried out with oxygen absorbers Ageless™ from 
Mitsubishi Gas Chemical and ATCO from Standa Industry. Many other commercially 
available absorbers can also be advantageously used; for example FreshPax™ (Multisorb 
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Technologies), O-Buster™ (Hsiao Sung Non-Oxygen Chemical Co), Biotika Oxygen 
Absorber (Biotika) and the like. 

Other aspects of the invention include packaging under nitrogen or argon by a newly 
developed method. As cited above, phannaceutical packaging under nitrogen made in the 
usual manner into a blister does not achieve a partial pressure lower than 2-3 kPa. These 
values are not sufficient in the case of an especially sensitive substance like atorvastatin. 

In our below described method of packaging, values of the partial pressure of oxygen lower 
than 1 ld»a, in a preferred ranbodiment lower than 0.4 kPa, can be achieved in a usual 
phannaceutical blister. 

The invention consists in a method of stabili2dng the phannaceutical active soUd substance 
atorvastatm, embedded in a gaseous mixture, characterized in that in the surrounding gaseous 
mixture a partial pressure of oxygen of at most 2 kPa is maintained. Preferably, the pressure is 
maintained below 1 kPa or, more preferably, below 0.4 kPa. 

This stabilization method relates both to the active substance itself and, preferably, the dosage 
forms containing atorvastatin, especially atorvastatin in the amorphous state. The described 
dosage forms of atorvastatin contain approximately 1 to 60 % by weight, preferably 3 to 20 % 
by weight of the active substance and several auxiliary substances with various functions, 
especially to help to release the active substance in a patient's body at flie desired rate, to 
stabilize the dosage form against chemical decomposition or mechanical influences. In order 
to stabilize atorvastatin in the dosage form, it is usually recommended to add a basic 
substance, calcium carbonate bdng mentioned as the most preferable one. 

Such very low partial pressure of oxygen can be achieved, in industrial practice, either by 
filling under an inert gas, ad^ted in accordance wifli the invention, or by a new technique of 
packaging under reduced pressure or by use of oxygen absorbers. 

The production of blisters is carried out by welding together two sheets. The lower sheet is 
first shaped in such a manner that a required number of cavities is fonned, which cavities 
conespond in their shape and size to a unit dose of the drug (most often a tablet or capsule). 
In a further step, the unit dose of the drug is inserted into each of flie cavities. The lower 
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sheet, filled in this manner, is overlaid with the upper sheet and both sheets are closely 
pressed together by means of a pressing roll. In the subsequent step, both sheets are welded 
together and the welded sheet is cut into individual blister. A usual method of filling a solid 
dosage form into the most often used pharmaceutical package, a blister, is carried out in such 
a manner that the shaped sheet band with tablets passes through a space filled with an inert 
gas. wherein the upper sheet is pressed against it and welding occurs subsecjuently. In the 
atmosphere inside such package there is apartial pressure of oxygen of 2 - 3 kPa. This state is 
sufficient with many pharmaceutical substances for their stabilization. However, it cannot 
prevent oxidation totaUy and, with especially sensitive substances such as atorvastatin, 
especially in its amorphous form, it does not ensure complete stability thereof, which leads to' 
the necessity of shortening of the usable life of the composition. Problems of applying the 
usually employed package under nitrogen with blisters include insufficient wash-out of 
oxygen Scorn the cavities with tablets, which they entrap with themselves, into the space filled 
with the inert gas; insufficient tightness of the upper sheet with the lower one immediately 
before the welding; and possible penetration of air into the cavities immediately before the 
welding not being avoided in a suitable manner. 

The new method of packaging has been developed by optimization of the parameters of the 
flow of the inert gas and its distribution in accordance with the packaging process. The main 
feature of this aspect of the invention is introducing the inert gas into the cavities of the lower 
shaped sheet with such intensity that the content of the gas in the cavity exchanges at least 
once, preferably three times. This provision itself can lower tiie resulting partial pressure of 
oxygen significantly below 2 kPa, in some cases below 1 kPa. In accordance with a preferred 
embodiment of the invention, after shaping the cavities in the lower sheet band and filling the 
same with dosage units, the band enters a purging chamber, constituted by a set of nozzles for 
targeted introduction of the inert gas into the cavity with the dosage unit and diversion 
channek for delivery of washed-out air. Air is completely washed out from the cavities by a 
stream of the inert gas. flowing through the nozzles under a precisely determined and 
monitored pressure, or flow rate. resp. The flow rate of the inert gas is.set in the range of 180 
to 3000 1/h. Preferably the flow rate is in the range of 500 to 1500 I/h. The purging chamber 
is, together with a wiping station (welding of the upper - cover Al sheet with the lower - 
shaped and filled-in Al sheet), covered in a box with permanent inert atmosphere and a lower 
pressure above atmospheric than in the purging chamber for sufficient deUvery of the washed- 
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out air. In the box there is monitormg of the residual oxygen valu^ with a feedback to the 
machine run. 



As shown below, this method results, under industrial conditions, in a pharmaceutical 
package with blisters containing a gas with partial pressure of oxygen lower than 0.4 kPa, 
usually between 0.2 and 0.3 kPa. 

In pharmaceutical packaging under reduced pressure of 0.3 - 10 kPa it is more advantageous 
to use a strip rather than a blister. A strip is a type of packing wherein two sheets are again 
welded together but none of the sheets is shaped as with the classical blister. The dosage fonn 
(a tablet, gelatin capsule, granulate and the like) is inserted into the partially welded strip and 
not only the fiUed-in part of the strip, and also the part that will be filled in the subsequent 
step, are at the same time evacuated, the evacuation taking place for the whole time of the 
welding operation, wherein complete, air-tight closing of the individual dosage form into the 
aluminium sheet (strip) occurs. 

In the solution by means of oxygen absorbers it is very advantageous if the substances capable 
of absorbing oxygen are coated on the upper sheet (i.e., the sheet fliat is not shaped) and 
sq)arated fix>m the pharmaceutical composition by a permeable membrane. In such a case 
each dosage unit is protected individually and, after consumption of only a portion of the 
package, the residue remains protected. 

Another solution resides in packaging of the dosage units into blisters, at last one sheet being 
selected firom such a material that is weU permeable for oxygen (but preferably poorly 
permeable for steam). The whole blister is in turn closed in a pouch, in which an absorber is 
located. It can be for example a polypropylene bUster, coated in an Al-Al pouch. The solution 
by means of oxygen absorbers has an advantage of technically more simple makeup, wherein 
it is not necessary to coat the sheet with an absorber. 

Surprisingly, it has been shown that there is a close relation between atmospheric oxygen and 
a suitable formulation. Some formulations, which are relatively successful when storing the 
dosage form with normal access of oxygen, turn out to be unsuitable for oxygen trapping. On 
the contrary, those that are less suitable in normal conditions, strengthen the stabilization 



influence of oxygen trapping. Products, which are in no immediate relation to the oxidation 
are at fault The lactone of atorvastatin of formula n 




(II) 



which can be formed by dehydration of atorvastatin due to elevated acidity of the 
enviromnent, is an example. The basic action of calciuii carbonate prevents, in nonnal 
conditions, the acid-catalyzed reaction and limits the formation of the lactone (EP 680320). 
When reducing the amount of oxygen, this effect of calcium carbonate is lowered and the 
concentration of the lactone increases with time. The use of a base like magnesium oxide or 
hydroxide is usually considered less suitable. In normal conditions, i.e., with the access of 
oxygen, the formulation with a magnesium base leads not only to the increase in the amount 
of usual impurities, but also to the formation of many impurities which are not identified 
when using calcium carbonate. On the contrary, under reduced partial pressure of oxygen, a 
base of this type strengthens the stabilization effect . described above for the 100% substance. 
It is again a case of complex stabiUzation, i.e., not only mere limitation of apparent oxidation 
products. Therefore, stabilization of atorvastatin by combining the effects of the atmosphere 
with a partial pressure of oxygen lower than 2 kPa, especiaUy lower than 0.4 kPa. and of 
magnesimn oxide or of packaging under an inert atmosphere, or vacuum, and of ma^esium 
oxide, is considered an especiaUy advantageous embodiment of the technical solution. 

A further aspect of the invention resides in a suitable analysis of the oxygen content in the 
pharmaceutical package, without, which it would not be possible to cany out the invention. 
The problem of analysis of the composition of the gas in the pharmaceutical package 
(especially in blisters) is complicated by necessity to avoid ingestion of atmospheric oxygen 
from the surroundings when taking a sample, or by lowering the actual oxygen content in the 
blister in an attempt to avoid this fault when taking a sample. 



Three measurement methods have been developed: 
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1. Measurement A: Measurement of residual oxygen by gas chromatography with 
collection of gas and manual injection. 

Residual oxygen in the inert atmosphere is measured by gas chromatography with a thermal 
conductivity detector (TCD). The gas is separated in a column containing, as the phase, a 
molecular sieve, which allows separation of permanent gases. CoUection of samples is 
manual, with readjustment of the blister by deposited septa or by means of dosing from a 
broken blister by a loop device. 

2. Measurement B: Measurement of residual oxygen by means of a microsensor. 

Residual oxygen in the inert atmosphere is measured directly in the blister by means of a 
microsensor, which is situated in a needle. This needle is, through a closed space depleted of 
oxygen (a chamber purged by nitrogen - measured by this sensor as the background), stuck 
directly into the individual cells in the blister. The microsensor is based on the principle of 
extinguishing of excited fluorescence with residual oxygen (the sensor is selective for 
oxygen). 

3. Measurement C: Measurement of residual oxygen by means of an in-line set of 
sensors (in-process control). 

Oxygen in the inert atmosphere of the machine is measured directly, by means of sensors that 
are situated in all inertized parts of the packagmg machine, including the inlet of nitrogen into 
the blister cells. These sensors monitor also the outer space. The microsensor is based on the 
principle of extinguishing of excited fluorescence with residual oxygen (the sensor is selective 
for oxygen). 

Obviously, from the point of view of authenticity of the analysis result, methods B and C are 
more preferable, since no disruption of the blistw occurs and possibilities of any 
contamination during analysis are negligible. Moreover, method C unveils very quickly 
possible faults in industrial packing. 
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This invention is elucidated in greater detail in the foUowing working examples. TTiese 
examples are of an iUustrative nature only and do not limit the scope of the invention in any 
way. 

Examples 

Exanq)le 1. Oxygen Absorbers 

Tablets containing 20 mg of the amorphous form of calcium salt of atorvastatih having the 
composition described in Table 3 



Tables 



Composition of tlie Tablet 


Amount, mg 


calcimn salt of atorvastatin 


20.0 


lactose monohydrate 


49.6 


microcrystalline cellulose 


148.0 


magnesium oxide 


14.0 


hydroxypropyl cellulose 


28.0 


polysorbate 


9.0 


sodium salt of crosscarmelose 


9,0 


magnesmm stearate 


1.4 


sihcon dioxide 


1.0 



were coated with a usual lacquer containing hydroxypropylmethyl cellulose, filled into a glass, 
vial of a volume of 20 ml together with the absorption bag Ageless® ZlOO (Mitsubishi) and 
stored at 40 °C and 75% RH for 1.5 months. A reference sample was prepared in the same 
way without adding the oxygen absorber. A preliminary analysis found the partial pressure of 
oxygen in the vial after completion of the experiment. It has shown that the pressure in the 
vial atmosphere dropped to 0.3 kPa. The results of HPLC analyses are summarized in the 
following table (Table 4). 
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Table 4 



Conditions 


Total Impurities, 
% 


Lactone of Atorvastatin, 

% 


Without load 


0.79 


0' 


Reference sample 


2.12 


0 


Ageless® ZlOO 


0.84 


0 



Example 2. Test of storage under reduced pressure. 

A pure amorphous atorvastatin substance was closed in a tempered box under air pressure of 
5.5 - 7.5 kPa. The partial pressure of oxygen was estimated as 1 .2 - 1 .5 kPa. 

The measurement has given the following results: 

Table 5 



Date of 
sample 
collection 


Sample 


Storage 
Time, 
days/hrs 


Storage 
Temperature, "C 


Total Impurities, 
% 


16.10.2003 


0010903/12 


23 days 


20-25 


0.29 


04.11.2003 


0010903/15 


42 days 


40-42 


0.35 


21.11.2003 


0010903/17 


55 Iirs 


60-65 


0.33 


10.12.2003 


0010903/18 


160 hrs 


80-82 


037 



For comparison, sample 0010903/18 was kept in a thermostat at 80 °C under normal 
atmospheric pressure, i.e. partial pressure of oxygen about 18 kPa for 160 hours. The total 
impurities then reached 1 .92 %. 
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Example 3 . Packaging of the dosage form under nitrogen 
Overpressure of 0. 1 MPa at the outlet of the machine. 

Tablets containing 40 mg of the amorphous form of the calcium salt of atorvastatin having a 
composition proportional to that of Example 1 were packaged in an industrial packaging line 
adapted for packaging under nitrogen. The commercially produced bUstering machine 
WinPack TR 130 from Italian company DMA was used for the packaging. The shaped lower 
sheet, containiag the finished tablets, was transported into a purging chamber, into which also 
nitrogen under a pressure of 0.1 MPa above atmospheric at the outlet of the source was 
introduced. The flow rate of the gas in the chamber, i.e. the inlet of nitrogen and its outlet 
with admixture of air, was maintained at 1500 1/h. The pressure above atmospheric of 
nitrogen in the protective box was approximately 10 kPa. The tablets were packaged into 
aluminium Al/Al blisters. The finished package was subjected to a standard stabihty test; 
subjected to a load of 40 °C and 75% RH for 3 months. The partial pressure of oxygen in the 
aluminium package was tested after packaging and after 3 months of storage. Results of 
HPLC analyses are simmiarized in the following table. 

Measurement of residual oxygen in the blister was made by a gas chromatogr^hy method 
with coUectmg tiie gas and with manual injection. Collection of the gas was made in three 
different positions in the blister. 



Table 6 



Sample Designation 


Time of Load, 
monttis 


Total Mpurities, 
% 


Po. kPa 


Position 1 


Position 2 


Position 3 


040903 


0 


0.54 


0.24 


0.23 


0.24 




3 


0.50 


0.25 


0.27 


0.26 


070903 


0 


0.76 


0.20 


0.19 


0.20 




3 


0.50 


0.19 


0.20 


0.18 
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Example 4. Packaging of the dosage form under reduced pressure 

Tablets containing 40 mg of the amorphous form of the calcium salt of atorvastatin having a 
composition proportional to that of Example 1 were closed in an experimental apparatus by 
welding into an Al-Al sheet (strip model) in nomial atmosphere under reduced pressure of 1 - 
1.4 kPa, i,e., under a partial pressure of oxygen of about 0.18 - 0.25 kPa, and subjected to a 
load of 40 °C and 75% RH for 3 months. The partial pressure of oxygen in the aluminium 
package was deduced from the total pressure. Results of HPLC analyses are summarized in 
the following table. 



Table? 



Sample Designation 


Time of Load, months 


Total Impurities, % 


040903 


0 


0.54 




3 


0.55 


070903 


0 


0.76 




3 


0.50 



15 



CLAIMS 

1 . A method for the stabilization of the pharmaceutical active solid substance atorvastatm 
alone or in a mixture with other solid substances embedded in a gaseous mixture 
characterized in that in the surrounding gaseous mixture a partial pressure of oxygen of 
at most 2 kPa is maintained. 

2. The method according to claim 1 characterized in that the partial pressure of oxygen is 
maintained lower than 1 kPa. 

3. The method according to claim 1 characterized in that the partial pressure of oxygen is 
maintained lower than 0,4 kPa. 

4. The method according to claims 1-3 characterized in that atorvastatin is in a mixture 
containing soUd magnesium oxide in an amount of 0.1 to 50 % by weight. 

5 . The method according to any of the preceding claims characterized in that atorvastatin 
is predominantly in an amorphous form. 

6. The method according to claims 1-5 characterized in that the method stabiUzes a drug 
in the form of tablets or capsules containing atorvastatin in an amount of 1 to 60 % by 
weight. 

7. The method according to claim 6 characterized in that the drug is packaged m a blister. 

8. The method according to claim 7 characterized in that the blister is an aluminium 
blister of the Al-Al type. 

9. The method accordmg to claim 7 characterized in that the drug is packaged in a 
polypropylene blister, which is further enveloped in an Al-Al pouch. 

10. The method according to claim 6 characterized in that the drug is packaged in a strip. 

11. The method according to any of claims 1-10 characterized in that the said partial 
pressure is achieved by use of excess of an inert gas. 
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12. The method according to any of claims 6-9 and 1 1 characterized in that the said partial 
pressure is achieved by packaging in a bUster-forming machine, by. introducing a 
stream of an inert gas, preferably nitrogen, into cavities in the lower shaped sheet with 
such intensity that the content of the gas in the cavity exchanges at least once, 
preferably three times. 

13. The method of claim 12 characterized in that the flow rate of the inert gas ranges from 
180 to 3000 1/h. 

14. The method of claun 13 characterized in that the flow rate of the inert gas ranges from 
500 to 1500 1/h. 

15. The method according to any of claims 12-14 characterized in that the band with 
shaped cavities is brought into a purging chamber, consisting of a set of nozzles, 
destined for targeted introduction of the inert gas to flie cavities, and of diversion 
channels for the washed-out air outlet, the purging chamber, being located in a box 
having permanently inert atmosphere, wherein, subsequently, an upper covering band 
is pressed against smd band with the cavities and, finally, the bUster is welded together. 

16. The method according to claim 15 characterized in that the flow rate of the inert gas 
into the purging chamber is maintained at 1 300 - 1 500 1/h. 

17. The method according to any of claims 1-10 characterized in that the said partial 
pressure is achieved by packaging under a pressure of 0.3 to 10 kPa. 

18. A pharmaceutical composition in a phannaceutically suitable packing comprising a 
bUster, obtainable according to claim 16, surrounded with a gaseous mixture 
constituted by the inert gas fed during the packaging, characterized by a partial 
pressure of oxygen lower than 1 kPa. 

19. The pharmaceutical composition according to claim 18. characterized by a partial 
pressure of oxygen lower than 0.4 kPa, 
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Abstract 

Title of the invention: Method for the stabilization of the pharmaceutical active solid 

substance atorvastatin 

Stabilization of the pharmaceutical active sohd substance atorvastatin alone or in a mixture 
with other soUd substances embedded in a gaseous mixture is carried out in" such a manner 
that in the surrounding gaseous mixture a partial pressure of oxygen of at most 2 kPa, 
preferably less than 1 kPa, more preferably less than 0.4 kPa is maintained. 

The corresponding partial pressure is achieved either by packaging under a pressure of 0.3 - 
10 kPa, or by packaging under a sUght overpressure of an inert gas, preferably nitrogen, the 
gas being introduced, by means of nozzles, into the cavities, optionally also into the space of 
the press roller and of the wipa: station. 
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Stabilizace atorvastatinu zachvt&v6nfm voln6ho kysliku 

Oblast technikv 

Vynilez se zab^vA stabilizad mimofadnS nestile litky atorvastatinu a to v krystalickfem, ale 
zejm6na v amorfiimi stavu. Stabilizaci je mozno pouSlt pro distou Idtku, ale i pro Mtku 
V pevn^ch nebo kapaln^ch 16kov:^ch formich. 

Dosavadni stay technikv 

Hemivdpenatd sfil (3i?,5jR) 7-[3-fenyl-4-fenylkaibamoyl-2-(4-fluorfeny0^^ 
yl]-3,5-dihydroxyheptanov6 kyseliny vzorce I 




(I) 



zn&ni pod nechrSnenym nazvem atorvastatin (I), vtextu popffpadS vdpenatfi sfll 
atorvastatinu, se vyrdbl podle zvefejnenych patentu (US patenty 4,681,893 a 5,273,995). 
Uvedene lecivo je v^znamnym pfedstavitelem hypolipidemick;^ch a hypocholesterickych 
leCiv. 

Atorvastatin muze existovat v ruzn^ch krystalovych formach nebo ve formS amorfiii. PHprava 
ruznych polymorfu je popsdna ve zvefejnenych patentech (US 5,969,156; US 6,121,461; WO 
03/004470 a WO 01/36384), fonna amoiM v patentu (US 6,087,511). Krystalov6 foimy jsou 
podle vySe uveden^ch patentu mnohem stabilnSjSi nez forma anaorfiai. 

Na nedostateCnou stabilitu substance atorvastatin poukazovali takt6z autori patentu EP 
680320. Ve specifikaci uveden6ho patentu se uv&di, ze se jedna o nestabihif Ifitku citlivou na 



teplo, vlhkost, nlzk6 pH prbstfedi a svetlo, zvlaste UV zafeni. feegenim je kompozice, jejuni 
hlavnlm 2!iiakem jsou bazick6 anorganickfi 14tky. Preferovan6 anionty jsou hydroxidy, oxidy 
nebo uhliCitany. Z kationtfi jsou uvadSny pfedevsim vipenate, hofeSnatS a lithn6 soli, jako 
nejvyhodnejsf fesenf je uveden uhliCitan vApenat^. K doporu5ovan6 kompozici jsou rovn62 
pfid4v5ny antioxidanty typu anisolu nebo askorbatu. 

Ve WO 00/34525 se fe§i stabilizace lekov6 formy pfidSmm pufrfl, zejm^na citrdtft. 

WO 01/76566 se zab^d stabilizacf lekov^ formy pfidfinim bazick6ho polymeni obsahujfcfho 
amino nebo amido skupiny, pHkladem je polyvinylpyrrolidon. 

WO 01/93859 fesi stabilizaci HMG-CoA inhibitorft a mezi nimi i atorvastatinu pomoci lAtky 
schopne v&zat a neutralizovat oxid uhlifiity. Oxid uhlicity je podle autoru pfihl6§ky 
nejdulezitSjsun faktorem vedoucim k nestabilitS produktu. Jeho tiSinek je pfipisovSn sni2enl 
pH s ndslednym rozkladem hydroxykyselin zejmena na jejich laktony. Poukazuje se na mozne 
gastrick6 probl6my, je-li pacientfim pod4v4n I6k s vysokym obsahem alkalick^ch litek. Tento 
fakt omezuje moinosti zlepgenf stability pfidSnim stabilizdtoru do lekov6 formy. 

WO 02/072073 ukazuje na vztah mezi hodnotou pKa atorvastatinu a pH vodn6ho roztoku 
tuh6 16kove formy. Podle citovan6 pfihlasky by \€koy& forma m61a obsahovat takove 
ingredienty, aby pH roztoku dosdhlo minimSlnS hodnoty pKa + 1. 

Ze stavu techniky fedy vypl^d, 2e hlavnimi smery, jak feSit probl6m stability atorvastatinu 

V lekov6 forms, bylo zv^Seni pH 16kov6 formy, nebo zamezenf snizovani pH vlivem CO2 

V atmosfSfe. 

Pfes tato opatfem' l£kov6 formy atorvastatinu, a zejm6na pokud je v techto form&ch amorfiii 
atorvastatin, vykazovaly , v^znamhou nestabilitu. Pfesto2e se podafilo zabrdnit vzniku 
nei&doucich prodiiktfl jako je lakton atorvastatinu, dochazelo tu ke vzniku dalSfch neznamych 
14tek. Jeste horSf stabilitu vykazovala samotna tiSinnd Idtka, tedy nikoli v 16kov6 formS. 
Z techto dflvodu bylo nutno skladovat nebo pfevazet amorfial atorvastatin pfi teplot&ch okolo 
-20 **C. Tato opatfenf samozfejmS zv^Sila nSklady na uvedeni operace. 



3 



Vedle toho se vyvdjela nov4 metoda konzervace litek n&chyln^ch koxidaci pomod litek 
zachytdvajicich vzduSn]^ kyslik, Casto naz^van^ch absorb6ry kysliku, Mitsubishi Gas 
Chemical (Tokyo, Japan) vyvinula s&Sky absorbujlcf kyslfk zalo2en6 na reakci zeleza 
s obchodnim ndzvem Ageless (Yoshikawa, Y., Amemiya, A.; Komatsu, T.; Inoue, Y.; 
Yuyama, M., Oxygen Absorbent for Food Packaging. Jpn. Kokai Tokkyo Koho, Showa 56- 
33980, 1978.) Podobn6 produkty jsou naWzeny tak^ napflklad finnou Multisoib 
Technologies, Inc. pod obchodnfm nazvem Fresh Pax™ nebo Standa Industry pod obchodnfm 
nazvemATCO. 

V sou6asnosti je dostupn& fada prostf edkft zalo2en]^ch na absorberech kysliku aktivovan^ch 
vlhkosti, sebeaktivujlcfch se absorbSri, absorb6rfl aktivovan:^ch ultrafialovycm zafenim xiebo 
radiacf, absorberfl aktivovan^ch mikrovhiami nebo kombinaci nSkolika aktivadnfch dSjii, 
popflpadS absorb^rft nevy2adujfclch 2ddnou aktivaci. 

Vpatentov6 pfihlasce US 2002/0132359 je pfihl^ena kochrang aplikace techto absorbfiri 
pro fannaceuticke pnpravky citliv6 na kyslik. Aplikace je proyedena v blistrovem baleni, kde 
je absorb6r umistSn v prostoru mezf vikem a vlastnlm blistrem. V pfihlSgce se ddle konstatuje, 
2e je velmi obt{2n6 zjistit, ktera z latek bude nfichykii k oxidaci. Problem spocfvA v torn, 2e se 
oxidace Casto neffdl klasickou Arrheniovou rovnici, a proto selhdvaji zrychlend stabilitnf 
testy, ktere jsou u jin^ch ro2kladn^ch reakci tispesng vyuavdny. Patentov& pfihlfiSka obsahuje 
d4le seznam nekter^ch farmaceutickych Idtek, kter6 by mohly pfichazet v tivahu jako citliv6 
na kyslik. Nejrelevantn6j§i jsou mezi nimi HMG -CoA inhibitory simvastatin nebo lovastatin. 
ObS tyto Idtky obsahuji system konjugovan^ch dvojn^ch vazeb v kaibocyklick&n systSmu, 
kter^ mii2e vest k citlivosti vuci kysliku. 

Nyni se v§ak pfekvapivg ukfizalo, 2e rovnSi u atorvastatinu, kter^ tento syst6m 
konjugovanych vazeb neobsahuje, je degradace zptisobena vzduSnym kysllkem. Navlc se 
v§ak ukdzalo, ze bezne fesenf probl6mu fannaceutick6 komposice obsahujici latku n&chylnou 
koxidaci, tj. pouSiti formulace s antioxidanetem, u atorvastatinu (uveden6 napffldad EP 
680320) selhdvd (pHklad 6 tohoto spisu). 
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Podstata vynalezu 

PfedmStem vynalezu je ochrana atorvastatinu pfed oxidad vzduSn;^ kyslfkem. Ochrana se 
tj^ka chemicke substance ve vSech krystalovych fonnach i form6 amorfhi, stejnS jako 16kove 
fonny pfi pouiitf atorvastatinu v jak^koliv polymorfiil fonne, pnpadnS v roztoku. 

ZnunSnd ochrana pfed 05ddacf spoSivd v torn, 2e je v obalu atorvastatinu, at* ji2 ve fonne 
ti5inn6 Idtky nebo farmaceutick6ho pnpravku z ni vyroben6ho, zachyt&vSn a likvidovSn voln;^ 
kyslik. Likvidace voln6ho kysliku probflid vprostora, kter^ je od atorvastatinu oddSlen 
nejl^pe fi&steCnS propustnou pfep^ou. 

U lekov6 fonny umoMuje specidlnf formulace pomocn^ch Idtek posiiit ochrann;^ vliv 
absorbfiri kysliku. ^ 

Podrobny popis vyndlezu: 

Nestabilita atorvastatinu se podle v^Se uveden^ch patentCi pficfta obvykle zv^§en6 citlivosti 
k aciditS prostfedf, kdy atorvastatin mfi2e dehydratovat na iakton atorvastatinu vzorce II 




(II) 



. . 6 ■ 

Laktonizace je kysele katalyzovan^ proces probfliajici pravdepodobne pfes volnou 
dihydroxykyselinu atorvastatinu, tudf2 feSem spoCM v pHdavku bazick^ch latek do ISkov^ch 
forem. 

Souborem pfesnS Hzen^ch experimentu jsme v2ak prokazali, 2e nestabilita je rovnSz dfina 
oxidaci vzduSn;^ kysUkenti. V;^znamnou nestabilitu vftci oxidadm vykazuje zejmena 
amorfiu atorvastatin, zatfanco kiystalov6 fonny jsou ponSkud stabilnejgf. To vsak je dfino 
statististickymi faktory, kdy latka pevn6 zabudovana v krystalov6 mrKce mfi mraSf 
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pravdSpodobnost reagovat se vzduSn^in kyslikem nez latka ve forme amorfiil (Stephen R. 
Bym: Solid State Chemistry of Drugs, Academic Press, 1982), TudIX oxidativnl rozklad 
krystalovj^ch forem atorvastatinu je pomalejsi ne2 fonny amorfiu. To je dfllezit^ i zhlediska 
lekovych forem, kdy napHklad mechanick^ stres pfi v^robg tablet mfife vest k c6stegn6mu 
zbrouceni krystalov6 struktuxy a tim i k nestabilitfi 16kov6 formy . 

KuriSenf nestability atorvastatinu byly provedeny ndsledujlci e^qperimenty s cilem zjistit, jak6 
faktory vedou k degradaci produktu: 

1. Soubor stresov^ch testu, kdy zdsobni roztok atorvastatinu (2 ml) byl postupnS 
vystaven ndsledujicim ejq)erimentCim: 

a. var(24h)s2irdO,2Nkyseliny chlorovodikov6 

b. var (24 h) s 2 ml 0,2 N kyseliny octove 

c. var(24h)s2mlO,2Nhydroxidusodn6ho 

d. var (24 h) s 2 ml 4% peroxidu vodiku 

e. var (24 h) s 2 ml vody 

f. ozafov5m'UVzdfemm(5h) 

g. ozaf ovani viditeln^m svetlem (24 h) 

h. pevna substance zahffvand 24 hi OO^C 

i. pevnd substance vystavenaUVzSfenf (5 h) ' 

j. pevni substance vystaven4viditeln6musv6tlu (24 h) 

Vysledky analytick6ho hodnocenl (HPLC) jsdu sumarizovSny v ndsledujfci tabulce (tab. 1): 

Tabulkal 



Podmfnky 


Obsah atoryastatinn [%] 


24hvarv0.1NHCl 


2.1 


24hvarvO,lNAcOH 


83,2 


24hvarvO,lNNaOH 


72,0 


24hvarv2%H202 


54,8 


24 h var ve vode 


88,4 
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5 h pod UV ve vodS 


64,3 


24 h na sv&tle 


104,5 


substance 24 h 100 °C 


96,3 


substance 5 b pod UV 


99,3 


substance 24 h na svgtle 


96,5 



Z v^sledka byla zejm6na patma nestabilita vkysel6m prostfedf. Ldtka se <Mle v^znamng 
rozldfidala i vroztoku pfi vystavenf UV zafenf, co2 je vsouladu sliterfimmi Adaji 
{Tetrahedron 49,10,1979-1984,1993). 

Dalsfm vyznamn:ym faktorem se ukazoval rozldad piisobenlm peroxidu vodQcu. 

K 2pfesneni provadSn^^ch experimentfl byly ddle zaloSeny stability pevn6 substance 
amorfiiiho atorvastatinu i nSkolika vybrair^ch 16kovych forem. Jako obaly byly pouzity 
polyethylen (PE), hlinflcova folic se svafitelnou PE vrstvou (Al + PE). Nektere stability byly 
zalo&ny v duslkov^ atmosfefe (N2). 

V:^sledky tSchto stabilitmch testu j sou shmuty v tabulce 2. 

Tabulka2 



Vzorek 


Suma necistot [%] 


vstup' 


0,21 


3mSs.obal2xPE(5''C) 


0,39 


3m6s.obalPE+Al(5''C) 


0,34 


3 m6s. obal PE+AI+N2 (5 "C) 


0,34 


3 m&. obal 2x PE (25 


0.77 


3 mes. obal PE+Al (25 "C) 


0,63 


3 mSs. obal PE+AI+N2 (25 °C) 


0,43 


6 mes. obal 2x PB (5 °C) 


0,83 


6mgs.obalPE+Al(5'»C) 


0,71 


6 mes. obal PE+AI+N2 (5 °C) 


0,44 
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Z analyz vypl^rvi, 2e pouzitf hlinflcovfi folic pfi vyuSiti dusfkov6 atmosf6iy v^znamng zvysuje 
stabilitu produktu. To by naznacovalo, fe pfedevgfm vzduSn^ kyslfk je zodpov6dny za nizkou 
stabilitu produktu. V:^sledky byly obdobn6 i v lekov^ch form4ch. 

Z dftvodu pfesn^ho urCeni mechanismu rozkladu byly d41e provedeny . experimenty 
2icoumajld jen oxidacnf rozklad atorvastatinu. Vneddvno zvefejnen6 publikaci 
/Pharmaceutical Development and Technology, 7(1), 1-32 (2002)/ byl popsan souhm 
experimenta vhodn^ch k rozpoznSiii oxidace substancl a urgenf jeho mechanismu. 

Byly provedeny ndsledujici experimenty: 

a oxidace 1% roztoku' atorvastatinu v syst6mu efhylacetfit - acetonitril (1:1) pri teplote 
40 °C s vyuzitim radik61ov6ho inicidtoru ( 2,2*-a2X)biskyanopentanov6 kyseliny) pfi tlaku 10 
atmosf&kysliku; 

b. oxidace 1% roztoku atorvastatinu v syst^mu ethylacet&t - acetonitril (1:1) pH teplotS 
40 bez radikdlov6ho inicidtoru pfi tlaku 10 atmosf6r kysliku; 

c. kontrolni experiment v syst6mu ethylacetit - acetonitril (1 :1) pfi teplotg 40 ""C 

s pouatim radikdloveho inicidtoru ( 2,2'-azobiskyanopentanove kyseliny) v inertnf atmosf^Je 
argonu. 

V:/sledky jsou shmuty v tabulce 3. 



Tabulka 3 



Vzorek 


Suma neiistot [%] 


Bez zdtSze 


0,49 


Oxidace (s iniciatorem) 24 h 


6,42 


Oxidace(s inicidtoru) 48 h 


24,37 


Oxidace(s iniciatorem) 72 h 


30,93 


24 h (argon) 


0,98 


48 h (argon) 


1,38 


Oxidace - 24 h bez inicidtoru 


9,27 
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Z v^sledka vypl^v^ 2e jii vzdugn;^^ ky slfk mfiie oxidovat atorvastatin a k oxidaci nenf potf eba 
radikdloveho inicidtoru. Kontroinf experiment v inertnl atmosfef e argonu ukdzal mal^ ndrflst 
laktonu atorvastatinu zpflsoben^ zvy^Senou teplotou a mlmS kyselym radikalov^m inicidtorem. 

DalSim v^sledkem experimentu bylo srovndni profilu nefiistot ze stabilit (tabulka 2) a profilu 
neCistot vznikieho oxidad pomod HPLC-MS. Ukdzalo se, ze vSechny v^znamne neSistoty 
rostoiid ve stabilitach s vj^jimkou laktonu atorvastatinu jsou vznikl6 oxidad. Na z5kiad6 teto 
znalosti oxidaSniho rozkladu bylo hleddno feSenf, kter6 by zamezilo kontaktu substance jako 
takov6 nebo substance v l€kov6 form6 se vzduSnym kysUkem. Podle nasich, ale i v literature 
publikovan^ch /K.C. Waterman, M.C. Roy: Pharmaceutical Development and Technology, 7 
(2), 227-234 (2002)/ zkuSenosti, je pfi baleni lekov6 formy vehni obtI2n^ dosdhnout zbytkove 
koncentrace kyslfku niiSi ne2 2 a2 3 % bez pouziti vakuoveho kroku. To je dostateCne 
nmozstvf, aby stale doch&zelo k oxidaci produktu. ZvliStS v^hodn^m zpflsobem jak dodlit 
ni2§l koncentrace kysliku (a2 pod hodnoty 0,1 %) je pak pouiitf kyslikoy^ch absorb^ru. DalSf 
experimenty byly tudl2 provedeny svyuSitim k/slikov^ch absorbdru. Experimenty byly 
provedeny skyslikovymi absorb6iy Ageless™ firmy Mitsubishi Gas Chemical a ATCO 
dostupn:^mi od firmy Standa Industry. Cela fada komercne dostupn^ch absorb6rili. mfiie b^t 
ale rovnez s v:^hodou poufita; napffldad FreshPax ™ (Multisorb Technologies), O-Buster ™ 
(Hsiao Sung Non-03«ygen Chemical Co), Biotika Oxygen Absorber (Biotika) a podobne. 

Pouziti kyslikovych absorbfirii zvl4§tfi pro pchranu potravm, ale i chemick^ch Idtek proti 
oxidaci je dobfe zndmo ze zvefejnSn^ch patenta (US 4,287,995; US 5,143,763; US 
5,839,593). 

Absorb6ry kysliku Ize dSlit podle zpfisobu jejich aktivace na absorber aktivovan;^ vlhkosti, . 
sebeaktivujici se absorber, absorber aktivovan;^ ultrafialov^cm z^nim nebo radiaci, absorber 
aktivovany mikrovlnami nebo kombinad nSkolika aktivacnfch dSjii, popffpadfi absorber bez 
nutnosti aktivace. 

Pro zpAsob stabilizace podle vyndlezu jsou v^hodn6 absorb6ry, kter6 ke sv6 aktivaci 
nepotfebujf vodu, obzvl^ v^hodn6 jsou absorb^iy bez nutnosti aktivace vubec. 

Vyse uvedenS y^sledky ukazuji, & hlavnS u amorfiilho atorvastatinu je oxidacni degradace 
v^zaiamn^ faktorem, kter^ se musi brat v livahu pfi skladovani jak substance, tak kone&n6 



16k6v6 fomy. Prokfizali jsme, & pouSti' kysllkov^ch absorberu podstatng zlepSuje 
skladovatelnost amor&flio atorvastatinu (pfMady 1 a 2). Z y^sledkft zJetelnS vypl^va, ze 
ochrana atorvastatinu pfed vzduSn:^m kysllkem uplne zamezuje jeho rozkladu. S vyuHtfm 
kysllkov^ch absorb6rii je pote latku moino skladovat pfi teplotS 25 **C bez jak^chkoliv 
omezeni, coz oproti skladovfini pfi snf&ne teplote znamen4 podstatn6 snifeiu nfikladfl. Ldtka 
ttMc hft skladovana i v jin^^ch obalech, ktere omezenS propou§t6ji kyslflc, tak, aby vyslednd 
koncentrace kysliku byia ni2Si ne2 1 %, s\^hodou ni2Si nei 0,1 %. Ldtku je mo2ao dale 
s v:^hodou balit v inertnf atmosfiSf e, kdy se prodlouil iivotnost kysllkov^ho absorberu a tak6 
se zmlmi poCAteCni exotermni reakce pfi vychytdvSnl kysliku absorpdnim sdCkem. Potfebnou 
kapacitu absorpCnfho sdfiku a vyslednou rovnovdinou koncentraci kysliku (v ppm) je moiao 
podftat zndsledujici rovnice (Vinod Daniel, Frank L. Lambert: Waac Newsletter 15, 2, 1993, 
12-14, 1993): 

[02] = L/12.7C 

kde L je rychlost uniku kysliku zobalu vppm/den, C je absorbance, kterd je pomSrem 
kapacity absorpcnflio sacku a celkoveho objemu obalu. 

Vynfilez f e§I rovnei otfizku stabilizace atorvastatinu v 16kov6 foimS, pf edevSIm ve formS 
tablet nebo kapsll. Popsan6 16kov6 formy atrovastatinu obsahuji pfiblizne 1 az 60 % hmotn., 
v^hodnfi 3 a2 20 % hmotn, tiSinne latky a nSkolik pomocn^ch Idtek, kter6 majl 162316 funkce, 
pfedevglm umoinit poiadovanou rychlost uvolnovdni ticinne latlgr vtele pacienta, ddle 
stabilizovat 16kdvou formu proti chemickemu rozkladu nebo mechanick^m vlivfim. Ke 
stabilizaci atorvastatinu v l£kov6 forme je obvykle doporudovan pfldavek badck6 Idtky, jako 
nejv^hodnejSI je uvaden ublicitan vapenat^. 

Pfekvapivfi se ukazalo, 2e mezi vzdusnym kysllkem a vhodnou formulae! existuje uzk^ vztah. 
N6kter6 formulace, kter6 jsou relativnS uspSSne pfi skladovfini lekov6 formy za bezneho 
. pflstupu kysliku, se ukazuji jako nevhodne pfi odchytavfini kysliku. line naopak m6n6 vhodne 
za normdlnich podminek, posiluji stabilizaCnl vliv odchytdvSnl .kyslQcu. Problemem jsou 
produkty, ktere s oxidaci beq>rostfedn6 nesouvisl. Pffldadem je lakton atorvastatinu v^Se 
uvedenSho vzorce II. Bazick6 pfisobeni uhliSitanu vdp^ateho zamezi za norm&huch 
podminek kysele katalyzovane reakci a omezi vznik laktonu. (EP 680320) Pfi odchytdvtoi 
kysliku se tento ticinek uhliCitanu vapenatSho omezI a koncentrace laktonu s Casem narOst^ 
PouzitI baze typu oxidu nebo hydroxidu hofe5nat6ho je bSinS pova2ovano za m6n6 vfhodn6. 



Za b6zn;^ch podmfnek, tedy za pHstupu kyslflcu, vede formulace s hofeSnatou h&zi vedle 
nSrCistu obsahu bein^ch neSistot tak6 ke vzniku hidy necistot, kter6 s uhliSitanem vdpenat^m 
identifikovdny nejsou. Naopak pfi odchyt4vdm kysllku bSze tohoto typu posllf stabilizaCnl 
efekt, popsan^ v^Se u 100% substance. Jedna se op5t o komplexni stabilizaci, nikoli tedy 
pouze o potlafiem gevnych oxidaSnich produktfi. Za zvld§t6 v^ho'dn6 uspoMdanl podle 
vynSlezu je proto pova2ov5na stabilizace atorvastatinu kombinacf liCmku absorb6rii kyslfku a 
oxidu hofecnat6ho. 

Vynalez je blize objasnSn v ndsledujiclch prfkladech provedenf. Tyto pnklady maji vyhradng 
ilustrativni charakter a rozsah vynalezu v zadn6in ohledu neomezujf. 

PHklady provedeni wn^ezu 

Prfklad 1 

Amorfiil atorvastatin (1 g) byl zataven do svafitelne hlinikove folic spolu s absobferem 
kysliku Ageless® ZIQO (Mitsubishi) nebo absorb&em kysUku a oxidu uhlieit6ho Ageless® 
El 00 (Mitsubishi) a vzorek zahnvfin pfi 80 °C 72 h. Srovnavaci vzorek byl pfipraven a 
zahfivan .stejn:^m zptisobem bez pouziti absorb6r£i. V:^sledky HPLC anal;^z jsou shmuty 
vtabulce4. 



Tabulka4 



Podmfnky 


Celkovi soma necistot 
[%1 


Lakton atorvastatinu 
l%] 


Bez z&tS2e 


0,49 


0 


srovnavaci vzorek 


1.32 


0.33 


Ageless® ZlOO 


0,64 


0,19 . 


Ageless® El 00 


0,60 


0,14 
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PHklad2 

Amorfiif atorvastatin (1 g) byl zataven do svafiteln6 Winikov^ folic spolu s absob6rem 
kysUku Ageless® ZIOO (Mitsubishi) nebo absorb6rem kysliku a oxidu uhU5it6ho Ageless® 
El 00 (Mitsubishi) a vzorek zahHv&i pifi 40 "C 1,5 m&fce. Srovndvaci vzorek byl pfipraven 
a zahHvSn stejn^m ^flsobem bez pouiitf absorb&a. V:^sledky HPLC anal^z jsou shmuty 
V tabulce 5. . 



TabulkaS 



Podnunky 


Celkovi suma netistot 


Lakton atorvastatinu 


[%1 


(%) 


bezzdtS2e 


0.49 


0 


STOvndvaci vzorek 


1,55 


0,22 


Ageless® ZIOO 


0,36 


0 


Ageless® El 00 


0,46 


0,06 



PiffldadS 

■ Tablety o slo&nf uveden6m v tabulce 6 



Tabu]ka6 



Slozenf tablety 


mnozstvi (m^ 


v&penatd stl atorvastatinu 


20,0 


laktosa monohydrit 


42,0 


mikrokrystalickd celulosa 


60,0 


uhli£itan vapenat^ 


88,0 


hydroxypropylcelulosa 


30,0 


kukuH£n^ skrob pfedzelatinovan^. 


30,0 


polysoibat 


1.0 


talek. 


1,5 



sodni sd kroskannelosy 


6,0 


stearan v^enat^ 


0,5 



byly potazeny beznym lakem obsahujfcim hydroxypropylmethylcelulosu a zataveny spoleSnS 
sabsorpcnfm sackem firaiy Mitsubishi Ageless® ZlOO do hliiukove folic a zahfivany pri 
teplotfi 80 ®C 72 hodin. Srovndvacf vzorek byl pfipraven a zahfivan stejn;^m zpusobem bez 
pouziti absorb6ru kysliku. Vysledky HPLC analyz jsou uvedeny v tabulce 7. 

Tabulka7 



Podmfnky 


Suma necistot [%] 


Lakton atorvastatmu [%] 


bez zateze 


0,60 


0.03 


srovn^vaci vzorek 


4,21 


2,58 


Ageless® ZlOO 


1,98 


1,13 



Pnklad4 



Tablety s obsahem 20 mg amor&i formy v4penat6 soli atorvastatinu o slo£em uvedenem 
V tabulce 8 

Tabulka8 



Sloienf tablety 


mnoistvf (mg) 


v&penata sfil atorvastatinu 


20,0 


laktosa monohydr&t 


42,0 


mikrokrystalick& celiilosa 


60,0 


uhliditan vdpenat^ 


88,0 


hydroxypropylcelulosa 


30,0 


kukufiSn^ Skrob pfedielatinovan^ 


30,0 


polysorbat 


1,0 


talek 


1,5 


sodna siil kroskannelosy 


6,0 


stearan vapenaty 


0,5 
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byly potazehy bezn^m lakem obsahujicf hydroxypropylmethylcelulosu a naplnSny do 
sklenen6 lahvifiky o objemu 20 ml (srovndvacf vzorek). Vdalslch experimentech byl do 
lahviCky vedle tablet pfid4n absorber kysUku Ageless® ZlOO (Mitsubishi) nebo absorber 
kysUku a oxidu uhlicit6ho Ageless® ElOO (Mitsubishi), respektive absorber kysUku 
Ageless® ZlOO (Mitsubishi) a desikant LahviCky byly uzavfeny HDPE uzdvSrem a 
vystaveny po dobu 1,5 mgsfce teplote 40 ^'C a 75% RV, UspoMddnl pokusu a v^sledky HPLC 
analyz jsou uvedeny v tabulce 9, 



Tabulka 9 



Podmfnky 


Suma ne£istot 
1%1 


Lakton Atorvastafinu 
1%1 


bez zitSSe 


0,49 


0 


srovn&vaci vzorek 


2,38 


0,20 


Ageless® ZlOO 


1,09 


0,41 


Ageless® ElOO 


1,10 


. 0,48 


Ageless® ZlOO + 
desikant 


0,87 


0,33 



Pfiklad 5 

Tablety s obsahem 20 mg amorfiii fonny vapenat6 soli atorvastatinu o slozern uvedenem v 
tabulce 10 • . 



Tabulka 10 



Slozeni tablety 


mnozstvi (mg) 


v&penata sul atorvastatinu 


20,0 


laktosa monohydrdt 


49,6 


mikrokrystalicka celulosa 


148,0 


oxid hofeCnaty 


14,0 


hy droxypropy Icelulo s a 


28,0 
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polysorbat 


9,0 


sodna sul kroskarmelosy 


9,0 


stearan hofeSnat^ 


1,4 


oxid kf emicity 


1,0 



byly pota2eny bS2n:^m lakem obsahujfcfai hydroxypropylmeithylcelulosu, napln&iy do 
sklen6n6 lahvidky o objemu 20 ml spoleene s absoipenfax sACkem finny Mitsubishi Ageless® 
ZlOO a zahHvfiny 1,5 mSsfce pfi teplotS 40 "C a 75% RV. Srovndvacf vzorek byl pfipraven 
stejn^m zpasobem bez pfidfinf absorb6ru kysliku. Vysledky HPLC anal^z jsou uvedeny 
V nSsledujici tabulce (tab. 11). 



Tabulkall 



PodmfnlQ' 


. Suma neSistot 
[%1 


Lakton atorvastatinu 
[%] 


bez zkt&ie 


0,79 


0 


srovn&vacl vzorek 


2,12 


0 


Ageless® ZlOO 


0,84 


0 



Pfiklade 

Pro zajistem' stability 16kov6 formy, byly vytvofeny smesi amorfiu formy atorvastatinu 
sbazickou slozkou a antioxidanty, Tyto smesi byly naplnSny do sklenen^^ch lahvifiek o 
objemu 20 ml, uzavfeny HOPE uzivSrem a zatlzeny po dobu 6 tydnu pfi teplote 40 ""C a 75% 
RV. Slozem' uvedeny ch smesi a vysledky HPLC analyz po zatizeru jsou uvedeny v tabulce 12. 



Tabulka 12 



Cislo 


Slozeni sm^i 


PpdU 


Suma necistot 


Lakton atorvastatinu 


smSsi 




sloiek 


[%] 


l%] . 


2 


vapenatd sttl atorvastatinu 


1 


2,03 


0,05 




uhliSitan vdpenaty 


3 






5 


vapenata sui atorvastatinu 


1 


4,04 


1,12 





xihliditan v&penat^ 


3 








vitamin E 


1 






0 


vapenaia sui atorvastatuiu 


1 


4,53 


1,58 




uhlicitan vapenat^ 


3 








P-karoten 


1 






9 


vapenatd s41 atorvastatinu 


1 


4,71 


1,29 




uhliSitan v&pena^ 


3 








askorb&t sodny 


1 







Zv^2e uveden^ho pokusu vypl^va, ze pou2iti antioxidantu, bSznych ve faimaceutick^in 
prumy slu nezabrani oxidainim procesfun v 16kov6 formS. 
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PATENTOVE NArOKY 

1. Zpiisob stabilizace Idtky atorvastatinu skladovanim v uzavfen^m obalu vyznqdujici se 
tint, ze je V tomto obalu systematicky zachytdv4n a likvidovfin volny kyslik, pficemi 
proces zachytavam a likvidace probM v prostoru oddelen6m od stabilizovan6 l&tky. 

2. Zpiisob podle naroku 1, vyznacujici se Hm, 2e je takto stabilizovana prakticky 100% 
latka, tedy bez pfidSnl dalslch pomocnych Idtek brzdidch rozkladn6 reakce. 

3. Zpflsob podle n^oku 1, vyznaSujici se tim, ze je atorvastatiri ve smesi obsahujici 
rovnSi oxid hof e£naty v xnnozstvf 0, 1 a2 50 % hmotnostmch. 

4. Zpusob podle kter6hokoli z pfedchozlch n&okfi, vyznadujici se tint, fe se jednd o 
atorvastatin V pfev52n5 amorfiii forme. 

5. ZpAsob podle naroku 1, 3 nebo 4, vyznaiujicl se tim, ze je timto postupem 
stabilizovino 166ivo ve forme tablet nebo kapsli s bbsahem 1 a2 60 % hmotn. 
atorvastatinu. 

6. Zpusob podle kter6hokoli z pfedchazejicfch naroku, vyznacujici se tim, ze 
kzachytdv^ a likvidaci kysUku dochSzf v prostoru oddSlendm propustnou nebo 
polopropustnou pf ep^ou. 

7. Zpusob podle kterehokoli z pfedchazejicfch naroku, vyznacujici se tim, 2e absorber 
kysUku je vybran ze skupiny obsahujici absorber kysliku aktivovany vlhkosti, 
sebeaktivujici se absorber, absorber aktivovany ultrafialdvycm zafenim nebo radiaci, 
absorber aktivovany mikrovlnami nebo kombmaci n6kolika aktivacnlch dejfl, 
popfipade absorber bez nutnosti aktivace. 

8. Zpusob podle naroku 7, vyznadujici se tim, 2e je kyslik zachytdvdn pomocf 
sebeaktivujfcich se absorber^. 

9. Zpfisob podle naroku 1 a5 8 vyznacujici se tim, ze je kapacita zaHzeni pro zachytavSni 
kysUku volena tak, aby v^sledna koncentrace kyslfku v okoU atorvastatinu nebo 166iva 
2 nSho vyrobeneKo byla nizsi nez 1 % obj., s y^hodou 0,1 % obj. 



10. Zpflsob podle nSrokfi 3 a 5 vyznaSujicl se tim, je l^kovfi forma tvofena 3 a2 20 % 
hmotn. atorvastatinu, 5 a2 30 % hmotn. oxidu hofecnatiSho, 5 az 30 % hmotn. laktdzy 
a 20 a2 80 % hmotn. mikrokrystalicke celuldzy . 



Anotace 



NSzev vynilezu: Stabilizace atorvastatinu zachyt&vjmim volneho kyslflcu 

Zptisob stabilizace Idtky atoryastatinu skladovanfm y uzavfenSm obalu, pJi n6m2 je v tomto 
obalu systematicky zachytfivfin a likvidovan vobif kysllk, pKCemz proces zachytavanl a 
likvidace probihd v prostoru oddSlenem od stabilizovan6 Idtky . 



